Abstract The effect and mechanism of volume loading (VL) on the baroreflex sensitivity, in terms of the changes in arterial pressure (AP) and heart rate (HR) to a given change in carotid sinus pressure (CSP), were studied in rabbits anesthetized with chloralose and urethan. The carotid sinuses were vascularly isolated in order to regulate the CSP independently from the systemic arterial pressure. VL was accomplished by intravenous infusion of dextran solution or whole blood to raise the right atrial pressure from 0.4 to 10 cm water. When the CSP was lowered from 90 to 40 mmHg, VL reduced the baroreflex pressor response by 10.1 mmHg (42%) and 19.9 mmHg (46%) before and after aortic nerves section, respectively. The attenuation effect of VL on the carotid pressor response was abolished after cervical vagotomy. VL also reduced the extent of bradycardia and hypotension upon an elevation of CSP from 90 to 140 mmHg. Before aortic nerve section, the reduction by VL was 19.7 beats/min (41%) for the bradycardic response, and 15.1 mmHg (43%) for the depressor response. These attenuation effects of VL were absent after aortic denervation. The results suggest that VL alters the carotid baroreflex pressor response via the vagal afferents subserving the cardiopulmonary receptors, whereas it reduces the depressor and bradycardic responses through the aortic baroreceptor.
Alterations in the baroreflex sensitivity have been observed in the conscious dog with heart failure (HIGGINS et al., 1972) and volume loading (VL) (VATNER et al., 1975) . These studies have demonstrated that the reflex cardiovascular responses to a diminished and an augmented baroreceptor input are reduced under both experimental conditions. However, no attempt has been made to define the mechanism responsible for the attenuation in baroreflex responses. It has been speculated that heart failure may cause dysfunction of the baroreceptor reflex arc per se at either the receptor, central or effector site (HIGGINS et al., 1972) . VATNER et al. (1975) have suggested that VL may be analogous to heart failure and that the vagal afferent inputs from the cardiopulmonary receptors are responsible for the baroreflex alteration in both conditions. STINNETT et al . (1976) will set the CSP level at the saturation pressure and the threshold pressure, respectively (CHEN et al., 1976) . The carotid sinuses were also allowed to perfuse via the proximal common carotid artery in a closed-loop condition. Both vagi and aortic nerves were isolated and looped with thread for easy access to subsequent section (CHEN et al., 1978; STINNETT et al., 1976) . During the experiment, the exposed nerves were covered with saline-soaked cotton to prevent drying. VL was accomplished by intravenous infusion of 5 % dextran (mol. wt. 40,000, Sigma) solution in saline. In 5 of the 12 animals, whole blood from a heparinized donor was used. Infusions (52+4.7 or 21.7+3.2 ml/kg) were given over a period of approximately 10 min to raise the right atrial pressure from control, average 0.4 cm water, to 10 cm water. Once the right atrial pressure had reached the desired level, infusions were continued at a slower rate (1-2 ml/min) to maintain that level. To reestablish a normovolemic condition, each animal was bled until the right atrial pressure had returned to the control level .
RESULTS
The effects of VL on the resting AP and HR are summarized on 
DISCUSSION
The results of the present investigation demonstrated that VL attenuated the carotid baroreflex function, in terms of the AP and HR changes in response to a given change in CSP. The volume-related attenuation in the baroreflex bradycardia and hypotension was abolished after aortic nerves section. On the other hand, the modulation of VL on the baroreflex pressor response became more obvious after aortic nerves section, but was abolished after vagotomy. Since the modulatory effects of VL on the baroreflex function were eliminated after interruption of the aortic and/or vagus nerves, the effects of VL were due neither to a direct alteration on the baroreflex arc per se, nor to changes in the cardiac and vasomotor reactivity. Although the baseline AP and HR before a change in CSP were somehow different, the reduction in baroreflex responses could not be attributed to a variation in the baseline AP and HR. The reasons were: (1) The changes in the resting AP and HR were slight after VL. (2) Changes in the baseline AP and HR were observed after selective interruption of the aortic or vagus nerves; reduction in the baroreflex responses did not necessarily occur on every occasion.
It is probably surprising to note that VL did not cause significant alteration in the resting AP and HR (Table 1) . STINNETT et al. (1976) have also observed insignificant changes in AP and HR in the rabbit upon an intravenous volume infusion at a rate similar to the present experiment. On the other hand, VATNER et al. (1975) used volume infusion at a much faster rate (about 10 times that used in the present experiment) to raise the right atrial pressure to 25 mmHg, and observed a significant increase in AP and HR in the conscious dog. When the AP was not altered in the face of a feasible increase in cardiac output during VL, peripheral vasodilatation would be expected to occur. The slight change in AP due to VL, irrespective of the presence or absence of aortic and vagus nerves (CSP was kept at 90 mmHg) indicated that the decrease in vascular resistance was not reflex in origin. It could be a change in vascular caliber due to volume expansion or due to a type of autoregulation by which the blood vessels dilate in response to an increase in cardiac output or blood flow. The above mechanisms might develop especially when the rate of volume infusion was relatively slow. Nevertheless, the possible vasodilatation did not affect the baroreflex responses by itself. As shown in Fig. 1 , the carotid baroreflex depressor and pressor responses were not changed during VL after section of the aortic nerves and the vagi, repectively. An additional finding of the present experiment was that no animal displayed Bainbridge reflex tachycardia (BAINBRIDGE, 1915) upon VL. COLERIDGE and LINDEN (1955) found that VL caused cardiac acceleration when the initial HR was slow and cardiac slowing when the initial HR was fast. HORWITZ and BISHOP (1972) suggested that the reflex tachycardia upon volume infusion was attributed to a decrease in the vagal tone to the heart. In the rabbit, the initial HR was high and the vagal efferent effect is slight in view of the slight change in HR after vagotomy. This may explain the slight cardiac slowing upon VL observed in the present experiment.
The vagal afferent fibers subserving the cardiopulmonary receptors exert tonic restraint on the vasomotor center inasmuch as an interruption of the vagal afferents results in a rise of AP (CHEN et al., 1978 ; MANCIA et al., 1973 ; PILLSBURY et al., 1969; THOREN et al., 1975 ). An increase in the atrial pressure by either VL or distension of the cardiac chambers raises the atrial receptor discharge (GUPTA et al., 1966; THOREN, 1976) . HIGGINS et al. (1972) observed, in the conscious dog, that both the tachycardic and pressor responses to common carotid occlusion were reduced after the development of congestive heart failure. VATNER et al. (1975) demonstrated that the reflex bradycardia to a hypertensive dose of methoxamine was reduced during VL. They suggested that the mechanism of altered baroreflex sensitivity in congestive heart failure could be due to a concomitant volume expansion and the overriding influence of the cardiopulmonary receptors. In connection with the results of the present study, the enhanced vagal afferent drive during VL attenuated the baroreflex pressor response to a decrease in CSP. The attenuation effect of VL on the carotid baroreflex bradycardia and hypotension to an increased CSP was not mediated through the low pressure cardiopulmonary receptors. STINNETT et al. (1976) also found that the vagal afferent input during VL did not affect the reflex bradycardia and hypotension induced by aortic nerve stimulation. It is relevant to note that a vasodilatory effect exerted by the atrial receptors was manifested at a low CSP, but became insignificant at a high CSP (EDIS et al., 1970; MANCIA et al., 1976 ). It appears that the mutual interaction between the cardiopulmonary receptors and the carotid baroreceptors can be demonstrated only when the vagal afferent input is increased accompanying a decrease in the carotid sinus baroreceptor input. When the afferent activities from both reflexogenic areas are simultaneously increased, the effect of mutual interaction would become less significant.
With respect to the possible effect of VL on the aortic nerve activity, GUPTA et al. (1966) found in the dog that an increase in blood volume by 20 % caused a dramatic increase in atrial receptor activity, but little change in single aortic nerve fiber activity. However, KUMADA and SAGAWA (1970) observed in the rabbit that the multifiber aortic nerve activity increased with volume expansion and decreased with hemorrhage. In spite of the effect of VL on the aortic or sinus nerve activity, STINNETT et al. (1976) concluded that the carotid baroreceptor detected an increase in blood volume and resulted in reduction of the aortic baroreflex depressor and bradycardiac responses. In the present experiment, a reverse mode of interaction between these two reflexogenic areas of high pressure baroreceptor was demonstrated. VL probably modifies the aortic nerve input and attenuates the extent of cardiac and vasomotor inhibition when the CSP is elevated. However, the aortic nerves are not involved in the effect of VL in restricting the release of vasomotor inhibition when the CSP is lowered.
